We evaluated the impact of the Oncotype DX assay on adjuvant treatment decisions for Chinese patients with breast cancer in Hong Kong. A comparison of pre-assay and post-assay recommendations demonstrated use of the information for treatment recommendations, resulting in a 27% decrease in chemotherapy usage. In approximately 30% of cases, physicians in the multidisciplinary committee agree/strongly agree that the assay influenced their decision. Background: The Oncotype DX Breast Cancer Assay is validated to assess risk of distant recurrence and likelihood of chemotherapy (CT) benefit in estrogen receptor-positive ESBC in various populations. In Hong Kong, > 80% of breast cancers are early stage breast cancer (ESBC) and > 60% of these women receive CT. This prospective study measured changes in CT type and recommendations, as well as physician impression of assay impact in a homogenous Chinese population. Methods: Consecutive patients with estrogen receptor-positive, T1-3 N0-1mi M0 ESBC were offered enrollment. After surgery, physicians discussed treatment options with patients, then ordered the assay, then reassessed treatment recommendation considering assay results. Changes in treatment recommendation, CT utilization, physician confidence, and physician rating of influence on their treatment recommendations were measured. Results: A total of 146 evaluable patients received pre-and post-testing treatment recommendations. CT recommendations (including changes in intensity of CT) were changed for 34 of 146 patients (23.3%; 95% confidence interval, 16.7%-31.0%); change in intensity occurred in 7 of 146 (4.8%). There were 27 changes in treatment recommendations of adding or removing CT altogether (18.5% change; 95% confidence interval, 12.6%-25.8%). CT recommendations decreased from 52.1% to 37.7%, a net absolute reduction of 14.4% (P < .001; 27.6% net relative reduction). Pre-assay, 96% of physicians agreed/strongly agreed that they were confident in their treatment recommendation; post-assay, 90% of physicians agreed/strongly agreed with the same statement. Thirty percent of physicians agreed/strongly agreed that the test had influenced their recommendation, similar to the proportion of changed recommendations. Conclusions: The Oncotype DX Assay appears to influence physician ESBC adjuvant treatment recommendations in Hong Kong.
Introduction
The breast cancer burden in Asia represents one-third of the global burden from this disease. 1 Indeed, in Hong Kong, invasive breast cancer is the most common cancer among women, with an incidence of 91.7 per 100,000 in 2012. 2 Of the cases of breast cancer in Hong Kong, early stage breast cancer (ESBC, defined as stages 0 to II) is the most commonly diagnosed, accounting for > 80% of cases. Tumors that are stage II, hormone receptor-positive, and HER2-negative represent the largest proportion. 3 Treatment decision-making for women with ESBC disease continues to be challenging. In Hong Kong, the majority of women with breast cancer receive adjuvant therapy: 60.8% receive combination chemotherapy (CT), and 66.7% receive hormonal therapy (HT) following surgery. 2, 4 However, adjuvant CT yields only a small reduction of risk of recurrence. 5 Given that CT benefits a small proportion of ESBC patients, it would be ideal if CT could be targeted to those women at highest risk of recurrence, sparing those women who would not benefit from adjuvant chemotherapy. Identifying these women using traditional clinicopathologic criteria is imprecise.
The Oncotype DX Breast Cancer Assay has been validated to assess the risk of distant recurrence and predict the likelihood of CT benefit in patients with estrogen receptor-positive (ER þ ), HER2negative, lymph node-negative breast cancer. The Oncotype DX test yields a Recurrence Score result between 0 and 100, which can be used to categorize patients into low-(< 18), intermediate- (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) , and high-risk (> 30) groups. The prognostic and predictive significance of the test has been validated in several studies, [6] [7] [8] [9] [10] [11] [12] [13] and its use is now incorporated into international breast cancer treatment guidelines. [14] [15] [16] [17] [18] Currently in Hong Kong, the decision to give adjuvant CT depends on a combination of clinical, biologic, and pathologic factors, which are often evaluated in the multidisciplinary committee (MDC) setting. In this model, cases are reviewed by health care professionals from several disciplines, including surgery, oncology, and pathology, in an effort to optimize the treatment plan for each patient. An initial retrospective, single-center assessment of the influence of genomic technologies, such as the Oncotype DX Breast Cancer Assay, on the decision to administer adjuvant therapy in a Chinese population recently suggested the assay would help inform patient treatment decisions. 19 The purpose of this study was to extend those findings through prospective evaluation of the influence of the assay on MDC adjuvant treatment decisions at multiple centers in Hong Kong and to characterize the nature of that influence.
Methods

Study Design
This single-arm prospective study was conducted at 6 institutions in Following surgery and pathology assessment, participation was offered to consecutive eligible patients at the first post-surgery visit. Consenting patients discussed their treatment plan with the treating physician, and the cases were then presented at the MDC. The MDC consensus treatment recommendations were used to complete the pre-Oncotype DX treatment recommendation, then the physician completed the remaining questionnaire items and the test was ordered. Upon receipt of the test result, the case was reviewed again by the MDC, and a second treatment recommendation was made. At the second study visit, the treating physician reviewed the post-assay treatment recommendation from the MDC with the patient. The treating physician then completed the post-Oncotype DX questionnaire, recording the revised MDC recommendation and their responses to the additional questionnaire items.
The primary objective of this study was to characterize the effect of the Oncotype DX Recurrence Score result on physicians' treatment recommendations, as informed by the MDC, by measuring changes in these recommendations from before testing to after testing. In addition, the changes in confidence of the treating physician in their treatment recommendation from before to after testing were assessed.
Ethics Committees at each institution approved the study protocol. All subjects signed informed consent prior to enrollment in the study.
Physician Questionnaires
The pre-assay questionnaire was answered by the treating physician after the first study visit. The questionnaire assessed the pre-assay treatment recommendation from the MDC, as well as the physician's confidence in the treatment decision. The intensity of the CT regimen recommended (as defined on the Adjuvant! Online website 20 ) was recorded. Examples of low-intensity regimens included cyclophosphamide, methotrexate, and fluorouracil (CMF), doxorubicin and cyclophosphamide (AC), taxotere and cyclophosphamide (TC), or comparable regimens; examples of intermediate intensity regimens included 5-fluorouracil, doxorubicin, and cyclophosphamide (FAC)/5-fluorouracil, epirubicin, and cyclophosphamide (FEC) Â 6, AC Â 4, and paclitaxel Â 4 in 3 weekly cycles, or comparable regimens; examples of high-intensity regimens included dose-dense AC then paclitaxel; docetaxel, doxorubicin, and cyclophosphamide (TAC) or FEC/FAC Â 3 then docetaxel Â 3 or comparable regimens. The post-assay questionnaire was completed by the treating physician following a second MDC meeting and second study visit. The revised treatment recommendation, the physician's confidence in that recommendation after receiving Oncotype DX information, and the influence of Oncotype DX information on the treatment decision were assessed.
Statistical Analyses
The study was designed with a planned enrollment of 150 patients. The sample was described with descriptive statistics using the mean, median, range, and 95% confidence intervals (CIs) where appropriate. The McNemar test was used to compare the proportion of patients Clinical Breast Cancer October 2016 -373 receiving a combined chemotherapy and hormone therapy (CHT) recommendation pre-Oncotype DX versus post-Oncotype DX. Physicians used a 5-category Likert scale to rate their level of agreement or disagreement with pre-and post-assay statements for each patient. The distribution of ratings (ie, proportions of patients with each rating) were calculated for each statement. Pre-to post-assay changes in levels of agreement/disagreement were analyzed.
Results
One hundred fifty consecutive eligible patients at 6 centers were enrolled. Of these, 4 patients were not evaluable: 2 had bilateral tumors, 1 was estrogen receptor-negative by immunohistochemistry, and 1 was not recommended any adjuvant therapy. The 146 evaluable patients included 68 (46.6%) patients who were premenopausal ( [21] [22] [23] [24] Any change in treatment recommendation, including changes in the intensity of CT regimen, was examined in this study. We observed an overall change in therapy recommendation in 34 of 146 patients (23.3%; 95% CI, 16.7%-31.0%; see Table 2 ), while a change in CT intensity was observed in 7 of 146 patients (4.8%). This represents a decrease in treatment intensity for 28 patients (19.2%; 95% CI, 13.1%-26.5%) and an increase for 6 patients (4.1%; 95% CI, 1.5%-8.7%). Changes in therapy recommendation in which CT was either added or removed entirely after receiving the Oncotype DX test results are shown in Table 3 . Prior to receiving the Oncotype DX result, 70 patients (47.9%) in this cohort received an initial recommendation for HT alone, and 76 patients (52.1%) received a recommendation that included CT. Following receipt of the assay results, 3 of the 70 patients (4.2%) with a pre-assay recommendation for HT were recommended CHT and 24 of the 76 patients (31.6%) with a pre-assay recommendation for CHT were recommended HT. Therefore, adjuvant CT recommendations were changed for 27 of 146 patients (18.5%; 95% CI, 12.6%-28.5%), and the proportion of patients receiving a recommendation that included any kind of CT decreased from 52.1% pre-assay to 37.7% post-assay, for a net change of 14.4% (P < .001; McNemar test) and a relative net change of 27.6%.
The impact of Recurrence Score results on the therapy recommendation was also examined by Recurrence Score group (Table 2 ). In the low Recurrence Score group, 21 (28.4%) patients had a change in their therapy recommendation after receipt of the Recurrence Score result. All changes were either to no CT (18 patients) or to lower intensity CT regimens (3 patients) . Similarly, in the intermediate Recurrence Score group, 7 (13.7%) patients received a changed treatment recommendation: 6 patients for no CT and 1 patient for lower intensity CT. In contrast, 6 (28.6%) patients in the High Recurrence Score group received changed treatment recommendations; 3 to add CT to HT and 3 to higher intensity CT regimens. Physicians were queried about confidence in their treatment decisions before and after receipt of Oncotype DX information and asked whether the test influenced their clinical decision. Before receipt of the test results, 97 (66%) responded "agree" and 43 (29%) "strongly agree" to the statement, "I am confident in my treatment recommendation prior to ordering Oncotype DX" (Figure 1 ). After the test results were known, 74 (51%) responded "agree" and 58 (40%) "strongly agree" with the statement, "I am confident in my treatment recommendation after ordering the Oncotype DX assay." Responses regarding whether the Oncotype DX assay result had influenced their treatment recommendation were distributed similarly to the changes in treatment recommendations: in 30% of the cases, physicians answered either "strongly agree" or "agree" that the assay influenced their decision. Of the remaining 70% of the cases, 57% responded "disagree" or "strongly disagree," and 13% indicated "neither disagree nor agree" that the test had influenced their decision. (Figure 2 ).
Discussion
Studies conducted in multiple countries support use of the Oncotype DX Breast Cancer Assay as an independent prognostic variable, in conjunction with conventional clinicopathologic parameters in predicting breast cancer recurrences. [21] [22] [23] [24] [25] [26] [27] [28] Use of this assay has been incorporated into multiple clinical guidelines, including the National Comprehensive Cancer Network, the American Society of Clinical Onocology, the National Institute for Health and Care Excellence, the European Society for Medical Oncology, and the St Gallen Consensus as part of the adjuvant therapy risk evaluation. [14] [15] [16] [17] [18] This is the first prospective study on the impact of the Oncotype DX assay on adjuvant therapy decisionmaking for Chinese patients and the first to quantitate changes in CT intensity resulting from Recurrence Score information.
We designed the study to evaluate the effect of the Recurrence Score on the change in adjuvant therapy including changes in intensity of chemotherapy, in addition to CT use or not. This was included in order to gain insight into the real-world utility of the assay. The decision to recommend adjuvant therapy for patients with limited risk is a complex one that incorporates decisions not only on whether to advise adjuvant therapy, but also the type of agent(s). Increasing CT intensity (as defined by the Adjuvant! Online clinical risk calculator) confers greater risk reduction for recurrence of breast cancer. Therefore, examining changes in CT intensity in relation to Recurrence Score result may provide more granular insight into how physicians integrate recurrence risk information into their CT regimen decisions. The proportion of patients with a change in treatment recommendation, including change in CT intensity, was 23%. Of these, 1 in 5 was a change in CT intensity, suggesting that physicians found Recurrence Score information useful for finer levels of risk discrimination. The individual Recurrence Score results for the down changes in CT intensity were 16, 16, 17, and 18 , and the scores for the increase in intensity were 43, 48, and 62. The downshifting of CT intensity occurred in patients with scores that fell within the randomized group for the Trial Assigning IndividuaLized Options for Treatment (TAILORx) trial. This may reflect a degree of reservation to withhold CT completely in this group of patients at present, pending the full results from the TAILORx trial. Although there is no direct data showing that patients with very high scores benefit from increased intensity of CT, practitioners in this study seemed to have adopted this view.
The decision change in adjuvant therapy looking at binary CT/ no CT recommendations from pre-assay to post-assay was 18.5% which is slightly lower than the proportion of changes historically observed. 29 The predominant change observed was from CHT to HT alone (14%). This is similar to the change reported for the N0 population by Eiermann et al (18% switch from CHT to HT). In both of these studies, a high proportion (57% vs. 52% in this study) of N0 patients received CT recommendations initially. 27 The apparently higher percentage of initial CT recommendations is best explained by the perception by the physicians that these patients have a higher risk of recurrence as defined by clinical parameters and, therefore, merit a more conservative initial therapy recommendation in terms of avoiding undertreatment. Factors that might drive the opinion that this cohort of patients is at a higher risk of recurrence include the high proportion of premenopausal patients (46.6%) and patients less than 50 years old (39.7%) in this study, both of which are considered risk factors for recurrence. Analysis of the much anticipated TAILORx study results, when they become available, should clarify the use of Recurrence Score results in patients perceived as higher risk, as may be the case here. This study also illustrates the effect of the Oncotype DX results on the confidence and perceptions of a cohort of physicians who historically had not had access to genomic classifiers. The high confidence in their treatment recommendations may reflect the physicians' comfort with basing recommendations on traditional pathologic factors. Similar high levels of confidence in recommendations have been observed in other studies. 21, 25, 30 Even with high baseline confidence, following receipt of the assay results, the proportion of physicians who strongly agreed that they are confident in their treatment recommendation further increased. When the perception of influence of the assay results was measured, 30% of physicians indicated that Oncotype DX had influenced their treatment decision, which is commensurate with the overall rate of decision changes observed. In fact, there was a statistically significant relationship between the answer to the influence question and a change in treatment decision, with an affirmative answer to the influence question associated with a changed treatment recommendation. This suggests that that the influence question was often interpreted as indicating simply that the assay information was used to change a treatment recommendation.
Although it is assumed that characteristics of breast cancer are similar around the world, this study adds important information regarding the biology of early breast cancer in women of Chinese descent. There are data emerging from Taiwan that a higher proportion of young, premenopausal patients with breast cancer reflects cancer population demographics that are significantly different from the Western world, which may underlie the perception of higher recurrence risk in this population. 1, 31, 32 However, in this population of Chinese women, the Recurrence Score distribution is similar to the distributions in studies from other geographic areas. Therefore, additional studies of ESBC patients from China may be needed to evaluate possible differences in biology and any impact on the results of genomic classifiers.
In conclusion, this study demonstrates the value of adding the Oncotype DX assay to the adjuvant treatment decision making process for ER þ , node-negative ESBC and reduces CT usage in Hong Kong. The impact of the assay on adjuvant therapy decisionmaking is similar to, although somewhat lower than, other previous international studies. Physician inexperience with the assay and younger patient demographics may underlie this effect, which can be further informed through additional studies.
Clinical Practice Points
A minority of ESBC patients benefit from adjuvant CT. Conventional risk stratification tools do not accurately identify those who can benefit. In Western health care systems, the Oncotype DX assay has been shown to accurately predict recurrence risk and reduce the utilization of adjuvant CT. This study demonstrated that the Oncotype DX assay impacts treatment decisions in an Asian health care system that utilizes the multidisciplinary meeting model for treatment decision making. CT usage was reduced by 27%, and a similar proportion of physicians reported that the assay results influenced their adjuvant treatment recommendation. The study provides data on distribution of Recurrence Score values in Hong Kong. This study is one of the first to evaluate how the assay influences choice of CT intensity. Use of the Oncotype DX assay may help reduce the frequency of adjuvant CT usage and thereby reduce both CT-related morbidity and associated costs.
